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(57) ABSTRACT

In a method for detecting an internal short of a battery, the
method includes: acquiring first charge state information
related to a charge state of the battery; detecting a first
reference time point when the first charge state information
satisfies a reference condition; acquiring second charge state
information related to the charge state of the battery; detect-
ing a second reference time point when the second charge
state information satisfies a reference condition; and detect-
ing an internal short of the battery based on a diflerence
between a charge amount from the first reference time point
to the second reference time point and a discharge amount
from the first reference time point to the second reference
time point.
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BATTERY CONTROL APPARATUS AND
METHOD FOR DETECTION INTERNAL
SHORT OF BATTERY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims prionity to and the benefit of
Korean Patent Application No. 10-2018-0094343 filed 1n the
Korean Intellectual Property Oflice on Aug. 13, 2018, and
Korean Patent Application No. 10-2019-0088298 filed 1n the
Korean Intellectual Property Oflice on Jul. 22, 2019, the
entire contents of each of which are 1ncorp0rated herem by
reference.

BACKGROUND

1. Field

An example embodiment of the present invention relates
to a battery control apparatus and a method for detecting an
internal short of a battery.

2. Description of the Related Art

As the electric and electronic technology 1s developed,
use ol portable electronic products, which are small and
light, and have various functions, 1s sharply increasing. A
battery 1s generally used as a power supply device for an
operation ol a portable electronic product, and a recharge-
able battery, which 1s charged and i1s re-usable, 1s mainly
used.

The rechargeable battery 1s a chargeable and discharge-
able battery, unlike a primary battery that cannot be charged.
The rechargeable battery i1s used 1n a portable small elec-
tronic device, such as a portable phone or a notebook
computer, or 1s widely used as a power source for driving a
motor ol a power tool, a vehicle, and the like. An internal
part of the rechargeable battery may be formed of a positive
clectrode, a negative electrode, a separation film, an elec-
trolyte, and the like, and a case may be formed of a metal
plate or a pouch.

A rechargeable battery having high energy density may
cause a problem 1in safety, such as thermal runaway, and
particularly, the case where the positive electrode and the
negative electrode inside the rechargeable battery are
shorted, so that the rechargeable battery 1s overheated is a
representative example. The internal short 1s caused from a
loss of a function of the separation film, and examples
thereol include deformation by an external impact, metallic
foreign substances included in a manufacturing process, and
the forming of dendrite of lithium or copper by an electro-
chemical reaction.

In the related art, a technology of detecting a state of an
internal short of a rechargeable battery in advance and
preventing the internal short 1s developed. In the scheme in
the related art, a check time of several tens of minutes or
more 1s required 1n the state where a voltage of the recharge-
able battery 1s very stable (no load or very low load).
Accordingly, 1t may be diflicult to detect the internal short
generated 1n the state where the rechargeable battery 1is
continuously charged or discharged.

The above nformation disclosed in this Background
section 1s only for enhancement of understanding of the
background of the invention and therefore the information in
this Background section does not necessarily constitute prior
art.
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2
SUMMARY

Some example embodiments include a battery control
apparatus and a method for detecting an internal short of a
battery which are capable of preventmg thermal runaway
due to an internal short of a battery by eflectively detecting
the 1nternal short of the battery.

An example embodiment of the present invention pro-
vides a method for detecting an internal short of a battery,
which may include: acquiring first charge state information
related to a charge state of the battery; detecting a first
reference time point when the first charge state information
satisfies a reference condition; acquiring second charge state
information related to the charge state of the battery; detect-
ing a second reference time point when the second charge
state information satisfies a reference condition; and detect-
ing an internal short of the battery based on a diflerence
between a charge amount from the first reference time point
to the second reference time point and a discharge amount
from the first reference time point to the second reference
time point.

The detecting of the internal short may include determin-
ing that the internal short occurs 1n the battery when the
difference between the charge amount and the discharge
amount 1s equal to or more than a threshold value.

Each of the first charge state information and the second
charge state mmformation may include a state of charge
(SOC) of the battery, and the reference condition may
include a reference SOC.

The reference condition may include a full charge con-
dition. In the example embodiment, each of the first charge
state information and the second charge state information
may 1nclude a current value and a voltage value of the
battery, respectively and the full charge condition may
include a reference current value and a reference voltage
value. Further, the detecting of the first reference time point
may include detecting the first reference time point when the
current value of the battery included 1n the first charge state
information 1s equal to or less than the reference current
value and the voltage value of the battery included in the first
charge state information 1s equal to or more than the
reference voltage value, and the detecting of the second
reference time point may include detecting the first reference
time point when the current value of the battery included in
the second charge state information 1s equal to or less than
the reference current value and the voltage value of the
battery included in the second charge state information 1s
equal to or more than the reference voltage value.

The method may further include determining whether the
first charge state information and the second charge state
information are similar to each other within a predetermined
range, 1 which the detecting of the internal short may be
performed when the first charge state information and the
second charge state information are similar to each other
within the predetermined range.

The method may further include determining whether the
charge amount and the discharge amount are equal to or
more than a predetermined value, 1n which the detecting of
the internal short may be performed when at least one of the
charge amount and the discharge amount 1s equal to or more
than the predetermined value.

The method may further include determining whether a
time interval between the first reference time point and the
second reference time point 1s within a threshold range, 1n
which the detecting of the internal short may be performed
when the time interval 1s within the threshold range.

The threshold range may be a maximum of 48 hours.
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The method may further include: accumulating a charge
current amount supplied from a charging device to the
battery and a discharge current amount supplied from the
battery to a load as the first reference time point 1s detected;
and calculating the charge amount and the discharge amount >
based on the accumulated charge current amount and dis-
charge current amount when the second reference time point
1s detected.

The method may further include resetting the accumu-
lated charge current amount and discharge current amount
alter the calculating of the charge amount and the discharge
amount.

Another example embodiment of the present invention
provides a battery control apparatus which may include: a
measurement unit configured to measure a voltage, a cur-
rent, and a temperature of the battery; a detector acquiring,
charge state information related to a charge state of the
battery based on at least one of a voltage value, a current
value, and a temperature value of the battery measured by 20
the measurement unit and detecting reference time points
when the charge state information satisfies a reference
condition; an accumulator accumulating a charge current
amount and a discharge current amount of the battery until
a second reference time point 1s detected by the detector and 25
calculating a charge amount and a discharge amount of the
battery based on the accumulated charge current amount and
discharge current amount; and an internal short detector
detecting an internal short of the battery based on a difler-
ence between the charge amount from the first reference
time point to the second reference time point and the
discharge amount from the first reference time point to the
second reference time point.

The internal short detector may determine that the internal
short occurs in the battery when the difference between the
charge amount and the discharge amount 1s equal to or more
than a threshold value.

The charge state information may 1nclude an SOC of the
battery, and the reference condition may include a reference 4
SOC.

The reference condition may include a full charge con-
dition. In the example embodiment, the charge state infor-
mation may include a current value and a voltage value of
the battery and the full charge condition may include a 45
reference current value and a reference voltage value. Fur-
ther, the detector may detect the reference time point when
the current value of the battery 1s equal to or less than the
reference current value and the voltage value of the battery
1s equal to or more than the reference voltage value.

The internal short detector may detect the internal short
based on the diflerence between the charge amount and the
discharge amount when the charge state information of the
battery at the first reference time point and the charge state
information of the battery at the second reference time point
are similar to each other within a predetermined range.

The internal short detector may detect the internal short
based on the difference between the charge amount and the
discharge amount when the charge amount and the discharge
amount are equal to or more than a predetermined value.

The internal short detector may detect the internal short
based on the difference between the charge amount and the

discharge amount when a time interval between the first
reference time point and the second reference time point 1s 65
within a threshold range.

The threshold range may be a maximum of 48 hours.
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According to an example embodiment of the present
invention, there 1s an effect in that an internal short of a
battery can be eflectively detected and thermal runaway of
the battery can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating a configuration of a
battery control device according to an example embodiment
of the present invention.

FIG. 2 1s an equivalent circuit of a battery according to the
example embodiment of the present invention.

FIG. 3 1s a graph showing changes 1n a charge amount and
discharge amount depending on occurrence of an internal
short of a battery.

FIG. 4 1s a flowchart illustrating a method for detecting an
internal short of a battery of a battery control apparatus
according to an example embodiment of the present inven-
tion.

DETAILED DESCRIPTION

Heremaftter, a battery control apparatus according to an
example embodiment of the present invention will be
described in more detail with reference to FIGS. 1 to 3.

FIG. 1 1s a block diagram 1llustrating a configuration of a
battery control apparatus according to an example embodi-
ment of the present invention and FIG. 2 1s an equivalent
circuit of a battery according to the example embodiment of
the present invention.

Referring to FIG. 1, a battery control apparatus 1 accord-
ing to an example embodiment of the present invention may
include a battery 10, a measurement unit 20, a detection unit
30, and a control unit 40 and may prevent thermal runaway
of the battery by sensing the internal short of the battery 10.

The battery 10 as a secondary battery which is chargeable
and dischargeable may be referred to as a cell.

Referring to FIG. 2, the battery 10 may include two
terminals B+ and B- and may be charged by an external
charging device (not 1llustrated) or discharged by an external
load (not illustrated) through the two terminals B+ and B-.
For convenience of the description, 1t 1s described that the
charging device 1s provided outside the battery control
device 1, but the example embodiment of the present inven-
tion 1s not limited thereto.

As 1illustrated 1 FIG. 2, the battery 10 may include an
internal resistance R,, and the internal resistance R, may
have a resistance value of several m€2 to several hundreds of
m&2. When an iternal short 1s generated 1n the battery 10,
the same eflect as an eflect in that a switch S 1nside the
battery 10 1s electrically connected 1s generated

When the switch S i1s electrically connected, a short
current I ,  flows in a short resistance R , so that the battery
10 1s discharged. In this case, the short resistance R may
have a resistance value of a broad range of several m£2 to
several k2.

The battery 10 1s charged by one or more charging
methods among constant current (CC) charging, in which
the battery 1s charged with a constant current from an 1nitial
stage to a completion stage of the charging, constant voltage
(CV) charging, in which the battery 1s charged with a
constant voltage from an 1nitial stage to a completion state
of the charging, and CC-CV charging, in which the battery
1s charged with a constant current at an 1nmitial stage of the
charging and 1s charged with a constant voltage at a comple-
tion stage of the charging. The CC charging 1s a charging
method for supplying constant current to the battery 10 and
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charging the battery 10 until the battery 10 reaches a
predetermined set voltage. The voltage of the battery 10 may
be raised together with the charge amount of the battery 10
while the CC charging 1s performed. In the present specifi-
cation, the charge amount indicates the amount of electric
charge or capacitance (or capacity) that a charging device
(not 1illustrated) supplies to the battery 10 to charge the
battery 10, and 1s diflerent from a state of charge (SOC)
indicating a charge level. Further, the discharge amount
means the amount of electric charge or capacitance supplied
from the battery 10 to a load (not 1illustrated).

When the charging and discharging of the battery 10 are
repeated under the same condition, a charge amount between
tully charged time points of the battery 10, that 1s, until the
battery 10 1s fully charged again, after the battery 10 1s fully
charged and then dlscharged 1S shghtly larger than the
discharge amount. Such a difference 1s due to various energy
loss 1ncluding heat generation, self-discharge, etc., of the
battery 10 during the progress of charging/discharging.

When the internal short occurs in the battery 10, the short
current [,  1s generated as illustrated in FIG. 2 and this
causes energy loss by the short resistance Rs in the battery.
Therefore, when the internal short occurs 1n the battery 10,
the amount of electric charge (discharge amount) which the
battery 10 may supply to the load (not 1llustrated) compared
with the amount of electric charge (charge amount) which
the charging device (not illustrated) may supply to the
battery 10 1s significantly smaller than that at before the
internal short occurs. That 1s, 1n the battery 10 1n which the
internal short occurs, some of the amount of electric charge
(charge amount) supplied by the charging device for charg-
ing the battery 10 during charging 1s consumed by an
internal short path including the short resistance Rs, the
amount of electric charge actually accumulated 1n the bat-
tery 10 compared with the amount of electric charge sup-
plied from the charging device 1s smaller than that before the
internal short occurs. Further, 1n the battery 10 1n which the
internal short occurs, energy 1s consumed by the internal
short path including the short resistance Rs at the time of
discharging, and as a result, the amount of electric charge
supplied from the battery 10 to the external load compared
with the amount of electric charge actually discharged by the
battery 10 1s smaller than that before the internal short
OCCUrs.

Referring to such a characteristic, the battery control
apparatus 1 according to the example embodiment monitors
the charge amount and the discharge amount of the battery
10 to detect the internal short of the battery 10. A detailed
configuration of detecting the internal short of the battery 10
by monitoring the charge amount and the discharge amount
of the battery 10 will be described below.

The measurement unit 20 continuously measures a volt-
age V, a current I, and a temperature T of the battery 10 and
transiers the measured voltage value, current value, tem-
perature value to the detection unit 30. In the present
specification, the current I of the battery 10 indicates charge
current supplied from a charging device (not illustrated) to
the battery 10 or discharge current supplied from the battery
10 to an external load (not illustrated).

The detection unit 30 includes a detector 31, an accumu-
lator 32, and an internal short detector 33 and monitors the
charge amount and the discharge amount of the battery 10
and detects the mternal short of the battery 10, and generates
a short detection signal Ds.

The detector 31 acquires charge state information related
to a charge state of the battery 10 from a temperature value,
a voltage value, and a current value of the battery 10
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received from the measurement umt 20 at the time of
charging the battery 10. Here, the charge state information
may include a temperature value, a voltage value, and a
current value of the battery 10 measured by the measure-
ment unit 20, or may include an SOC of the battery 10.

Further, the detector 31 detects a time point (hereinafter,
referred to as a ‘reference time point”) when the charge state
information of the battery 10 satisfies a predetermined
reference condition.

In the detector 31, a reference condition used for detecting
the reference time point may include a reference SOC. In
this case, the detector 31 may detect a time point when the
SOC of the battery 10 reaches a predetermined reference
SOC as the reference time point. The reference SOC may be
an SOC which becomes a reference for determiming that the
battery 10 1s 1n a full charge state, but the example embodi-
ments are not limited thereto, and as a result, the reference
SOC may be set to a value which 1s lower or higher than the
SOC which becomes the reference for determining the full
charge state.

In the detector 31, the reference condition used for
detecting the reference time point as a full charge condition
of the battery 10 may include at least one condition for
determining the full charge state of the battery 10.

As one example, the reference condition may include a
reference voltage value and a reference current value for
determining the full charge state of the battery 10. In this
case, the detector 31 may detect a time point when the
voltage value of the battery 10 1s equal to or more than a
reference voltage value and the current value of the battery
10 1s equal to or less than a reference current value as the
reference time point. The full charge condition may include
other conditions other than the reference voltage value and
the reference current value and this may vary depending on
a scheme 1n which the battery control apparatus 1 deter-
mines the full charge state of the battery 10.

In the detector 31, the reference condition used for
detecting the reference time point may include a reference
voltage value and a reference current value for determining,
a predetermined state other than the full charge state of the
battery 10. In this case, the reference voltage value and the
reference current value may correspond to a voltage value
and a current value which become a reference for determin-
ing whether the battery 10 reaches a predetermined charge
state before or after the battery 10 reaches the full charge
state. In this case, the detector 31 may detect a time point
when the voltage value of the battery 10 1s equal to or more
than the reference voltage value and the current value of the
battery 10 1s equal to or less than the reference current value
as the reference time point similarly to the detection of the
tull charge state.

The accumulator 32 accumulates the charge amount and
the discharge amount of the battery 10 until a subsequent
reference time point 1s detected when the reference time
point 1s detected by the detector 31 to calculate the charge
amount and the discharge amount of the battery 10 during a
period (heremafter, referred to and used as a ‘comparison
period’) between both reference time points. Here, the
accumulator 32 may accumulate charge current supplied
from the charging device to the battery 10 during the
comparison period and acquire the charge amount during the
comparison period from the accumulated charge current
amount and accumulate discharge current supplied from the
battery 10 to the external load during the comparison period
and acquire the discharge amount during the comparison
period from the accumulated discharge current amount.
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In such a scheme, the accumulator 32 may calculate the
charge amount and the discharge amount for each of a

* W

plurality of comparison periods with two different reference
time points as a start reference time point and an end
reference time point, respectively. To this end, the accumu-
lator 32 1s reset when the reference time point 1s detected to
reset the charge current amount and the discharge current
amount accumulated during the previous comparison period
and newly start accumulation of the charge current and the
discharge current. The start reference time point of each
comparison period may be the same as the end reference
time point of the previous comparison period and the end
reference time point may be the same as the start reference
time point of the subsequent comparison period.

The accumulator 32 may be a single accumulator having,
a sign and may 1nclude two accumulators for accumulating
the charge current amount and the discharge current amount,
respectively, but the example embodiments are not limited
thereto.

When the charge amount and the discharge amount during,
cach comparison period are calculated by the accumulator
32, the internal short detector 33 detects the internal short IS
of the battery 10 based on the calculated charge amount and
discharge amount and transiers a detection signal Ds includ-
ing information on whether the internal short IS occurs to the
control unit 40.

The control unit 40 may control connection or discon-
nection of an external charging apparatus (not illustrated) or
a load (not 1llustrated) connected to the battery 10 based on
the detection signal Ds received from the internal short
detector 33. For example, the control unit 40 may interrupt
the connection of the external charging apparatus (not illus-
trated) or the load (not 1llustrated) connected to the battery
10 when the detection signal Ds indicating the occurrence of
the internal short of the battery 10 1s generated by the
internal short detector 33

Accordingly, the battery control apparatus 1 may detect
the internal short of the battery 10 and control the connection
between the battery 10 and a charging apparatus (or load)
according to a detection result of the internal short, thereby
preventing thermal runaway of the battery 10 due to the
internal short

As described above, when the iternal short of the battery
10 1s to be detected by comparing the charge amount and the
discharge amount of the battery 10 during a comparison
pertod having a start reference time point and an end
reference time point, the amount of electric charge (or SOC)
held by the battery 10 at the start reference time point of the
comparison period and the amount of electric charge (or
SOC) held by the battery 10 at the end reference time point
need to be equal to each other or similar to each other at a
predetermined level or higher. This 1s because the difference
between the amount of electric charge held by the battery 10
at the start reference time point of the comparison period and
the amount of electric charge held by the battery 10 at the
end reference time point of the comparison period influences
the difference between the charge amount and the discharge
amount of the battery 10 during the comparison period 1n
addition to the internal short, and as a result, 1t 1s dithcult to
detect the internal short by comparing the charge amount
and the discharge amount.

Theretfore, the battery control apparatus 1 sets a reference
condition so as to detect a time when the charge state of the
battery 10 reaches a state (for example, a full charge state)
in which the amount of electric charge held by the battery 10
1s determined to have a predetermined value consistently
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with the start reference time point and the end reference time
point of the comparison period

In addition, when the internal short detector 33 deter-
mines the charge state of the battery 10 at the start reference
time point and the charge state of the battery 10 at the end
reference time point for one comparison period are diflerent
from each other at a predetermined level or higher due to a
change 1n surrounding environment of the battery 10, the
internal short detector 33 may omit detection of the internal
short. For example, when the full charge condition for
determining the full charge state of the battery 10 1s set to be
changed in accordance with the change of the surrounding
environment such as a temperature, etc., the full charge
conditions at the start reference time point and the end
reference time point for one comparison period may be
different from each other. Accordingly, the internal short
detector 33 compares charge state information (e.g., a volt-
age value, a current value, a temperature value, etc.) of the
battery 10 at the start reference time point of the comparison
period and charge state information (e.g., the voltage value,
the current value, the temperature value, etc.) at the end
reference time point with each other to determine whether to
detect the internal short.

Further, the internal short detector 33 may detect the
internal short by comparing the charge amount and the
discharge amount only when at least one of the charge
amount and the discharge amount generated during the
comparison period 1s equal to or greater than a predeter-
mined value. This 1s because, 1f the charge amount and the
discharge amount during the comparison period are too
small, the difference between the charge amount and the
discharge amount due to the internal short i1s mnsignificant,
and the reliability of the internal short detection 1s lowered.

Further, the internal short detector 33 compares the charge
amount and the discharge amount with each other to detect
the mternal short only when the length of the comparison
period, that 1s, a time interval between the start reference
time point and the end reference time point of the compari-
son period 1s within a predetermined threshold range. This 1s
to prevent detection reliability from being lowered due to
detection of the internal short in a situation i which
information of the accumulator 32 because the time interval
between the start reference time point and the end reference
time point 1s too short so that the difference between the
C_’large amount and the discharge amount due to the internal
short 1s insignificant or the time interval between the start
reference time point and the end reference time point is too
long so that the information of the accumulator 32 may not
be reliable. Therefore, the internal short detector 33 sets a
threshold range so as to set a minimum time for generating
the difference between the charge amount and the discharge
amount due to the internal short to a detectable level as a
minimum value and set a maximum time for securing the
reliability of the accumulator 32 to a predetermined level or
higher as a maximum value and compares the charge amount
and the discharge amount to detect the internal short by
comparing the charge amount and the discharge amount only
when the length (the time interval between the start refer-
ence time point and the end reference time point) of the
comparison period 1s within a threshold range. The threshold
range may be set to a minmimum of 2 hours within a
maximum of 48 hours, but the example embodiments are not
limited thereto.

Heremafiter, a method for detecting the internal short I of
the battery 10 by the battery control apparatus 1 will be
described with reference to FIG. 3
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FIG. 3 1s a graph schematically showing changes in a
charge amount and a discharge amount depending on occur-
rence of an internal short of a battery 10, and illustrates a
case where the battery 10 1s repeatedly charged and dis-
charged by a CC-CV charging method and a CC discharging
method as an example.

In the graphs of FIG. 3, t denotes time, I denotes a charge
current supplied from the charging device to the battery 10
or a discharge current supplied from the battery 10 to the
load, and C denotes a charge amount or a discharge amount.
Referring to FIG. 3, the charge amount of the battery 10
continuously increases while the charge current 1s supplied
to the battery 10, and the discharging amount of the battery
10 continuously increases while the discharging current 1s
supplied from the battery 10.

In FIG. 3 as an example, the detector 31 acquires inior-
mation on the charge state of the battery 10 using the
information obtained through the measurement unit 20, and
detects a plurality of time points when the charge state
information of the battery 10 satisfies the full charge con-
dition as reference time points t1, {2, t3, and t4. Further, the
detector 31 stores the information on the charge state of the
battery 10 at the corresponding time point 1n a memory
whenever the reference time points tl, t2, t3, and t4 are
detected.

When the reference time points tl, t2, t3 and t4 are
detected, the accumulator 32 calculates charge amounts ccl,
cc2, and cc3 and discharge amounts dcl, dc2, and dc3 with
respect to a plurality of comparison periods pl, p2, and p3
which set each of the reference time points t1, 12, t3, and t4
as a start reference time point or an end reference time point.
The accumulator 32 may calculate the charge amount and
the discharge amount during each of the comparison periods
pl, p2, and p3 by accumulating the charge current and the
discharge current for each of the plurality of comparison
periods pl, p2, and p3.

Specifically, when the reference time point t1 1s detected,
the accumulator 32 then accumulates each of the charge
current amount and the discharge current amount until the
reference time point t2 1s detected. In addition, when the
reference time point t2 1s detected, the charge amount ccl
and the discharge amount dcl of the comparison period pl
are calculated from the charge current amount and the
discharge current amount accumulated from the reference
time point t1 to the reference time point t2. Further, the
charge current amount and the discharge current amount
accumulated so far are reset, and the charge current amount
and the discharge current amount are then respectively
accumulated until the reference time point t3 1s detected
alter the start of new accumulation

In addition, when the reference time point t3 1s detected,
the charge amount cc2 and the discharge amount dc2 of the
comparison period p2 are calculated from the charge current
amount and the discharge current amount accumulated from
the reference time point t2 to the reference time point t3.
Further, the charge current amount and the discharge current
amount accumulated so far are reset, and the charge current
amount and the discharge current amount are then respec-
tively accumulated until the reference time point t4 1s
detected after the start of new accumulation

In addition, when the reference time point t4 1s detected,
the charge amount cc3 and the discharge amount dc3 of the
comparison period p3 are calculated from the charge current
amount and the discharge current amount accumulated from
the reference time point t3 to the reference time point t4.

In this scheme, the internal short detector 33 compares the
calculated charge amount and discharge amount each time
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the charge amount and the discharge amount 1n each of the
comparison periods pl, p2, and p3 are calculated and when
the diflerence between the charge amount and the discharge
amount 1s equal to or more than the threshold value, 1t 1s
determined that the internal short occurs. In addition to the
internal short, the energy of the battery 10 1s lost due to heat
generation or the like while the charging/discharging of the
battery 10 1s 1n progress. However, the amount of energy lost
in this case 1s msignificant and may be 1gnored by setting a
threshold value appropniately when detecting the internal
short. That 1s, the battery control apparatus 1 sets the
threshold value used for internal short detection to a prede-
termined value or more so that 1t 1s erroneously determined
that the energy loss due to factors other than the internal
short 1s not occurs due to the internal short.

Taking FIG. 3 as an example, the comparison period pl 1s
a period before the internal short occurs, and the charge
amount and the discharge amount during the comparison

period pl are very similar to each other.

Thereatter, the internal short occurs during the charging of
the battery 10 1n the comparison period p2, so that the charge
amount cc2 in the comparison period p2 1s larger than the
charge amount ccl 1n the comparison period pl 1n which the
battery 10 1s in a normal state. Therefore, a difference di
between the discharge amount dc2 and the charge amount
cc2 during the comparison period p2 becomes equal to or
larger than a threshold value and the internal short of the
battery 10 may be detected by the internal short detector 33.

Thereatter, 1n the comparison period p3, charging and
discharging are performed 1n a state 1n which the internal
short occurs, so that the energy loss due to the internal short
turther increases. Accordingly, a difference d2 between the
discharge amount dc3 and the charge amount cc3 during the
comparison period p3 increases as compared with the dif-
terence during the previous comparison period p2. Thus, the
internal short of the battery 10 1s once again detected by the
internal short detector 33.

In the battery control apparatus 1 described above, the
measurement unit 20, the detection unit 30, or the control
unit 40 may be performed by one or more central processing
unmts (CPUs) or a processor implemented by other chipsets,
mICroprocessors, etc.

Hereinatter, a battery control method according to an
example embodiment of the present invention will be
described with reference to FIG. 4.

FIG. 4 15 a flowchart illustrating a method for detecting an
internal short according to an example embodiment of the
present invention

The method for detecting the internal short in FIG. 4 may
be performed by the battery control apparatus 1 described
with reference to FIGS. 1 and 2.

Referring to FIG. 4, the detection unit 30 acquires the
charge state information of the battery 10 (S10) and com-
pares the charge state information with a reference condition
to determine whether the reference time point when the
charge state information of the battery 10 satisfies the
reference condition (S11)

In step S10, the detection unit 30 receives results of
measuring voltage, current, and a temperature of the battery
10 from the measurement unit 20 and acquires the charge
state 1nformation related to a charge state of the battery 10
from the measurement results. Here, the charge state infor-
mation may include a temperature value, a voltage value,
and a current value of the battery 10 measured by the
measurement unit 20, or may mclude an SOC of the battery

10.
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In step S11, a reference time point 1s used as a start time
point or an end time point of a comparison period, and the
reference condition for detecting the reference time point
may 1nclude a reference SOC, a full charge condition, or a
reference voltage value and a reference current value.

The detection unit 30 repeatedly performs step S10 of
acquiring the charge state information of the battery 10 until
the reference time point 1s detected and step S11 of deter-
mimng whether the reference time point 1s detected by
comparing the charge state information with the reference
condition. In addition, when the reference time point is
detected through step S11, the detection unit 30 accumulates
the charge current amount supplied from a charging device
to the battery 10 and the discharge current amount supplied
from the battery 10 to a load (S12). Further, the detection
unit 30 acquires the charge state information of the battery
10 (S13) and determines whether the reference time point
when the charge state information of the battery 10 satisfies
the reference condition 1s detected by comparing the
acquired charge state information with the reference condi-
tion (S14).

The detection unit 30 repeatedly performs step S12 of
accumulating the charge current amount and the discharge
current amount until the reference time point 1s detected,
step S13 of acquiring the charge state immformation of the
battery 10, and step S14 of determining whether the refer-
ence time point 1s detected by comparing the charge state
information with the reference condition. In addition, when
the reference time point 1s detected through step S14, the
charge amount and the discharge amount of the battery 10
are calculated by using the charge current amount and the
discharge current amount accumulated so far (S15). In
addition, the charge current amount and the discharge cur-
rent amount accumulated so far are reset by resetting the
accumulator 32 (516).

In step S15, the charge current amount and the discharge
current amount accumulated from the reference time point
detected through step S11 to the reference time point
detected through step S14 are used 1n order to calculate the
charge amount and the discharge amount. That 1s, 1n this
case, 1n the comparison period 1n which the charge amount
and the discharge amount are calculated, the start time point
may become a reference time point detected through step
S11 and the end time point may become a reference time
point detected through step S14.

On the other hand, before detecting the internal short of
the battery 10 by comparing the charge amount and the
discharge amount in the comparison period, the detection
unit 30 first checks whether a current situation 1s a state in
which the internal short detection 1s possible 1n order to
secure the detection reliability (517). In addition, if 1t 1s
determined that the current state 1s a state in which the
internal short detection 1s possible, the charge amount and
the discharge amount 1n the comparison period are com-
pared and the process proceeds to step S18 for performing
the 1nternal short detection.

For example, the detection unit 30 checks in step S17
whether the charge state information (e.g., a voltage value,
a current value, a temperature value, etc.) of the battery 10
at the time of detecting the reference time point through step
S11 and the charge state information (e.g., the voltage value,
the current value, the temperature value, and the like) of the
battery 10 at the time of detecting the reference time point
through S14 are similar to each other at a predetermined
level or more and 11 both charge state information 1s similar
at a predetermined level or more, the process may proceed
to step S18. Specifically, the detection umt 30 may deter-
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mine that the charge state information of the battery 10 at
two reference time points 1s similar when the difference
between the temperature value of the battery 10 at the
reference time point detected through step S11 and the
temperature value of the battery 10 at the reference time
point detected through step S14 1s equal to or less than a
predetermined value, the difference between the current
value of the battery 10 at the reference time point detected
through step S11 and the current value of the battery 10 at
the reference time point detected through step S14 1s equal
to or less than a predetermined value, and the difference
between the voltage value of the battery 10 at the reference
time point detected through step S11 and the voltage value
of the battery 10 at the reference time point detected through
step S14 1s equal to or less than a predetermined value

Further, for example, 1n step S17, the detection unit 30
may check whether at least one of the charge amount and the
discharge amount from the reference time point detected
through step S11 to the reference time point detected
through step S14 1s equal to or greater than a predetermined
value and when at least one of the charge amount and the
discharge amount 1s equal to or greater than the predeter-
mined value, the process may proceed to step S18.

Further, for example, 1n step S17, the detection unit 30
may compares the length of the comparison period 1n which
the reference time point detected through step S11 1s set as
the start time point and the reference time point detected
through step S14 1s set as the end time point with a threshold
range (e.g., from a minimum of 2 hours to a maximum of 48
hours) and i1 the length of the comparison period 1s within
the threshold range, the process may proceed to step S18.

In step 17, if all the conditions listed above as an example
are satisiied, the detection unit 30 may proceed to step S18
of performing the iternal short detection by comparing the
charge amount and the discharge amount 1n the comparison
period. However, since the example embodiments are not
limited thereto, even 1f only some of the conditions listed
above as an example are satisfied, the detection unit 30 may
proceed to step S18 of performing the mternal short detec-
tion by comparing the charge amount and the discharge
amount 1n the comparison period.

Step S17 described above 1s to prevent the internal short
detection from being performed 1n a situation in which the
difference between the charge amount and the discharge
amount calculated during the comparison period increases to
a threshold value or more due to factors other than the
internal short, the internal short detection from being per-
formed 1n a situation 1n which the difference between the
charge amount and the discharge amount by the internal
short 1s not generated to the detectable level, or the internal
short detection from being performed in a situation in which
the rehablhty of the calculated charge amount and discharge
amount 1s low.

When 1t 1s determined that a current situation 1s not a
situation 1n which the internal short detection i1s possible
through step S17, the detection unit 30 proceeds to step S12
to 1nitiate accumulation of the charge current amount and the
discharge current amount in a new comparison period. In
this case, the reference time point previously detected
through step S14 becomes the start time point of the new
comparison period and the reference time point detected
later becomes the end time point of the new comparison
period.

IT 1t 15 determined 1n step S17 that the current situation 1s
a situation in which the internal short detection 1s possible,
the detection unit 30 determines whether the difference
between the charge amount and the discharge amount from
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the reference time point detected through step S11 to the
reference time point detected through step S14 1s equal to or
more than the threshold value (518). In addition, when the
difference between the charge amount and the dlscharge
amount 1s equal to or more than a threshold value, 1t 1s
determined that the internal short occurs 1n the battery 10
(S19) and connection between the battery 10 and the charg-
ing device (not 1llustrated) or between the battery 10 and the
load 1s blocked (S20) to prevent thermal runaway of the
battery 10.

Meanwhile, in this specification, 1t 1s described as an
example that the battery control apparatus 1 detects the
internal short for one battery 10, but the example embodi-
ments are not limited thereto. For example, the battery
control apparatus 1 1s capable of detecting the internal short
of each battery by applying the internal short detecting
method even to a battery module 1 which a plurality of
batteries 1s configured to be connected 1n series and/or in
parallel. In this case, the voltage value of the battery 10 may
correspond to voltages of both terminals B+ and B- of the
battery 10 and the current of the battery 10 may correspond
to charge current supplied from the charging device to a
battery module or discharge current supplied from the bat-
tery module to the load.

While this invention has been described in connection
with what 1s presently considered to be practical example
embodiments, 1t 1s to be understood that the invention 1s not
limited to the disclosed embodiments. On the contrary, 1t 1s
intended to cover various modifications and equivalent
arrangements 1cluded within the spirit and scope of the
appended claims, and their equivalents.

What 1s claimed 1s:

1. Amethod for detecting an internal short of a battery, the
method comprising:

acquiring {irst charge state information related to a charge

state of the battery;

detecting a first reference time point when the first charge

state information satisfies a reference condition;
acquiring second charge state information related to the
charge state of the battery;

detecting a second reference time point when the second

charge state information satisfies the reference condi-
tion; and

detecting an internal short of the battery based on a

difference between a charge amount from the {first
reference time point to the second reference time point
and a discharge amount from the first reference time
point to the second reference time point.

2. The method of claim 1, wherein:

the detecting of the internal short includes determining

that the internal short occurs 1n the battery when the
difference between the charge amount and the dis-
charge amount 1s equal to or more than a threshold
value.

3. The method of claim 1, wherein:

cach of the first charge state information and the second

charge state information includes an SOC of the bat-
tery, and

the reference condition includes a reterence SOC.

4. The method of claim 1, wherein:

the reference condition includes a full charge condition.

5. The method of claim 1, wherein:

cach of the first charge state information and the second

charge state information includes a current value and a
voltage value of the battery, respectively,

the reference condition includes a reference current value

and a reference voltage value,
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the detecting of the first reference time point includes
detecting the first reference time point when the current
value of the battery included in the first charge state
information 1s equal to or less than the reference current
value and the voltage value of the battery included in
the first charge state information 1s equal to or more
than the reference voltage value, and

the detecting of the second reference time point includes
detecting the second reference time point when the
current value of the battery included in the second
charge state information i1s equal to or less than the
reference current value and the voltage value of the
battery included 1n the second charge state information
1s equal to or more than the reference voltage value.

6. The method of claim 1, further comprising:

determiming whether the first charge state information and
the second charge state information are within a pre-
determined range of each other,

wherein the detecting of the internal short 1s performed
when the first charge state information and the second
charge state information are similar to each other
within the predetermined range.

7. The method of claim 1, further comprising:

determining whether or not at least one of the charge
amount and the discharge amount 1s equal to or more
than a predetermined value,

wherein the detecting of the internal short 1s performed
when at least one of the charge amount and the dis-
charge amount 1s equal to or more than the predeter-
mined value.

8. The method of claim 1, further comprising:

determining whether or not a time 1nterval between the
first reference time point and the second reference time
point 1s within a threshold range,

wherein the detecting of the internal short 1s performed
when the time interval 1s within the threshold range.

9. The method of claim 1, further comprising:

accumulating a charge current amount supplied from a
charging device to the battery and a discharge current
amount supplied from the battery to a load as the first
reference time point 1s detected; and

calculating the charge amount and the discharge amount
based on the accumulated charge current amount and
the discharge current amount when the second refer-
ence time point 1s detected.

10. The method of claim 9, further comprising:

resetting the accumulated charge current amount and the
discharge current amount after the calculating of the
charge amount and the discharge amount.

11. A battery control apparatus comprising:

a measurement unit configured to measure a voltage, a
current, and a temperature of a battery;

a detector configured to acquire charge state information
related to a charge state of the battery based on at least
one of a voltage value, a current value, and a tempera-
ture value of the battery measured by the measurement
unit and detecting first and second reference time points
when the charge state information satisfies a reference
condition;

an accumulator configured to accumulate, when the first
reference time point 1s detected by the detector, a
charge current amount and a discharge current amount
of the battery until the second reference time point 1s
detected by the detector and calculating a charge
amount and a discharge amount of the battery based on
the accumulated charge current amount and the dis-
charge current amount; and
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an internal short detector configured to detect an internal
short of the battery based on a diflerence between the
charge amount from the first reference time point to the
second reference time point and the discharge amount
from the first reference time point to the second refer-
ence time point.

12. The apparatus of claim 11, wherein:

the internal short detector 1s configured to determine that
the internal short occurs 1n the battery when the dif-
ference between the charge amount and the discharge
amount 1s equal to or more than a threshold value.

13. The apparatus of claim 11, wherein:

the charge state information includes an SOC of the
battery, and

the reference condition includes a reference SOC.

14. The apparatus of claim 11, wherein:

the reference condition includes a full charge condition.

15. The apparatus of claim 11, wherein:

the charge state information includes a current value and
a voltage value of the battery,

the reference condition includes a reference current value
and a reference voltage value, and

the detector 1s configured to detect the first or second
reference time point when the current value of the
battery 1s equal to or less than the reference current
value and the voltage value of the battery 1s equal to or
more than the reference voltage value.

16. The apparatus of claim 12, wherein:

the mternal short detector 1s configured to detect the
internal short based on the difference between the
charge amount and the discharge amount when the
charge state information of the battery at the first
reference time point and the charge state information of
the battery at the second reference time point are within
a predetermined range of each other.

17. The apparatus of claim 11, wherein:

the internal short detector 1s configured to detect the
internal short based on the difference between the
charge amount and the discharge amount when at least
one of the charge amount and the discharge amount 1s
equal to or more than a predetermined value.

18. The apparatus of claim 11, wherein:

the mternal short detector 1s configured to detect the
internal short based on the difference between the
charge amount and the discharge amount when a time
interval between the first reference time point and the
second reference time point 1s within a threshold range.

19. A method for detecting an internal short of a battery,

the method comprising:

detecting a {first reference time point in response to first
charge state information related to a charge state of the
battery satisfying a reference condition;

detecting a second reference time point 1 response to
second charge state information related to the charge
state of the battery satistying the reference condition;
and

detecting an internal short of the battery based on a
difference between a charge amount from the first
reference time point to the second reference time point
and a discharge amount from the first reference time
point to the second reference time point.

20. The method of claim 19, further comprising:

acquiring the first charge state information related to the
charge state of the battery; and
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acquiring the second charge state information related to
the charge state of the battery.
21. The method of claim 19, wherein the internal short 1s

detected 1n response to determining that the difference
between the charge amount and the discharge amount being
equal to or more than a threshold value.

22. The method of claim 19, wherein each of the first
charge state information and the second charge state infor-
mation comprises one or more of a temperature value of the
battery, a current value of the battery, a voltage value of the
battery, and/or a state of charge (SOC) of the battery.

23. The method of claim 19, wherein the first reference
condition comprises one or more of a reference current
value, a reference voltage value, a full charge condition of
the battery, and/or a reference state of charge (SOC).

24. The method of claim 19, wherein the second reference
time point 1s detected 1n response to a current value of the
battery in the second charge state information being equal to
or less than a reference current value and a voltage value of
the battery in the second charge state information being
equal to or more than a reference voltage value.

25. The method of claim 19, further comprising;

determiming whether the first charge state information and

the second charge state information are within a pre-
determined range of each other, wherein the internal
short 1s detected 1n response to the first charge state
information and the second charge state information
being similar to each other within the predetermined
range.

26. The method of claim 19, further comprising:

determiming whether at least one of the charge amount and

the discharge amount 1s equal to or more than a
predetermined value, wherein the internal short 1s
detected 1n response to at least one of the charge
amount and the discharge amount being equal to or
more than the predetermined value.

277. The method of claim 19, further comprising;

determining whether a time interval between the first

reference time point and the second reference time
point 1s within a threshold range, wherein the internal
short 1s detected 1n response to the time interval being
within the threshold range.

28. The method of claim 19, further comprising:

start accumulating a charge current amount supplied from

a charging device to the battery and a discharge current
amount supplied from the battery to a load 1n response
to the first reference time point bring detected, wherein
accumulation of the charge current amount and the
discharge current amount ends 1n response to detecting
the second reference time point.

29. The method of claim 28, further comprising;

calculating the charge amount and the discharge amount

based on the accumulated charge current amount and
the discharge current amount between the first refer-
ence time point and the second reference time point, 1n
response to the second reference time point being
detected.

30. The method of claim 29, further comprising:

resetting the accumulated charge current amount and the

discharge current amount 1n response to the charge
amount and the discharge amount being calculated.
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